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Abstract
Purpose—To describe the impact of a tailored web based educational program designed to
reduce excessive screening mammography recall.
Methods—Radiologists enrolled in one of four mammography registries in the U.S. were invited
to take part and were randomly assigned to receive the intervention or to serve as controls. The
controls were offered the intervention at the end of the study, and data collection included an
assessment of their clinical practice as well. The intervention provided each radiologist with
individual audit data for their sensitivity, specificity, recall rate, PPV and cancer detection rates
compared to national benchmarks and peer-comparisons for the same measures; profiled breast
cancer risk in each radiologist’s respective patient populations to illustrate how low breast cancer
risk is in population based settings, and evaluated the possible impact of medical malpractice
concerns on recall rates. Participants’ recall rates from actual practice were evaluated for three
time periods: the nine months before the intervention was delivered to the Intervention Group
(baseline period), the nine months between the Intervention and Control Groups (T1) and nine
months after Completion of the intervention by the Controls (T2). Logistic regression models
examining the probability a mammogram was recalled included indication of intervention versus
control and the time periods (baseline, T1, T2). Interactions between the groups and time period
were also included to determine if the association between time period and the probability of a
positive result differed across groups.
Results—Thirty-one radiologists who completed the CME were included in the adjusted model
comparing radiologists in the Intervention Group (n=22) to radiologists who completed the
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intervention in the Control Group (n=9). At T1 the Intervention Group had 12% higher odds of a
positive mammogram compared to the Controls, after controlling for baseline (OR=1.12, 95%
CI=1.00-1.27, p=0.0569). At T2 a similar association was found; however, it was not statistically
significant (OR=1.10, 95% CI=0.96-1.25). No associations were found among radiologists in the
Controls when comparing those who completed the CME (n=9) to those who did not (n=10). In
addition, we found no associations between time-period and recall rate among radiologists who set
realistic goals.
Conclusions—In conclusion, our study resulted in a null effect, which may indicate a single
one-hour intervention is not adequate to change excessive recall among radiologists who
undertook the intervention we were testing.
Introduction
Recall rates for screening mammography are higher in the U.S. compared to those in other
countries (1, 2). Identification of the reasons for this difference has been complex (3-6). The
harms associated with unnecessary work up are now well recognized (7, 8) and were part of
the rationale for changing the U.S. Preventive Services Task Force screening mammography
guidelines (9). If unnecessary recall rates could be diminished and recall brought below
minimally acceptable cut-points (10), the number of false-positive examinations could be
reduced by 880/100,000 women screened (10). Although several studies have illustrated
improved interpretive performance (11-14), they combined several strategies, such as audit
data review, participation in a self-assessment and case review program, and increasing
interpretive volume. In two of these studies (13, 14,), the intervention content ranged from 8
to 32 hours, which is a significant time commitment for busy clinicians. The extent to which
a single interactive audit component may assist in improving performance has not been well
evaluated.
We developed an interactive web-based intervention designed to provide peer comparison
audit data and to explore individualized factors that may increase recall rates without
improving cancer detection. The intervention was implemented using a randomized wait-list
study design to assess its impact on reducing excessive recall. The purpose of this paper is to
report the findings from this study.
Methods
Performance Data
Four mammography registries of the Breast Cancer Surveillance Consortium (BCSC; http://
breastscreening.cancer.gov) participated in this study: Carolina Mammography Registry;
Group Health Breast Cancer Surveillance Project in Seattle, WA; New Hampshire
Mammography Network; and Vermont Breast Cancer Surveillance System. Patient
information and radiologists’ interpretation and follow-up recommendations according to
the American College of Radiology Breast Imaging Reporting and Data System (BI-RADS)
(15) are collected at all these registries and are later linked to regional cancer registries and/
or pathology databases to determine cancer outcomes. All data are annually pooled at the
BCSC Statistical Coordinating Center (SCC) located in Seattle, WA for analysis.
Each registry and the SCC received IRB approval for either active or passive consenting
processes or a waiver of consent to enroll participants, link data, perform analytic studies,
and for all study-related activities described here. All procedures are Health Insurance
Portability and Accountability Act (HIPAA) compliant. All registries and the SCC have
received a Federal Certificate of Confidentiality and other protection for the identities of
women, physicians, and facilities that are subjects of this research (16). In addition,
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institutional review board approval was obtained at each participating site for all radiologists
activities related to this intervention study.
Study Participants & Intervention Development
Radiologist recruitment and intervention development are reported in detail elsewhere (17,
18). Briefly, eligibility included actively interpreting mammograms at a facility at one of the
four participating BCSC registries between January 2006 and September 2007. To
characterize study participants, we administered a radiologist survey (19). Completion of the
survey was not required to participate in the web-based intervention. One hundred and
ninety-six radiologists were eligible to take part in the intervention. One hundred and
twenty-two did not consent to the intervention, leaving 74 radiologists who did consent.
Among these, 46/74 (62.2%) actually logged on to start the intervention, 41/46 (89.1%) of
these completed it, and 40 radiologists additionally completed the radiologist survey. Eight
radiologists did not have screening mammography interpretation data in the follow-up
period and were excluded from analysis, as our outcome measure was reduction in excessive
recall. This left 32 radiologists in the study. Of these, 23 were randomly assigned to the
Intervention Group and 9 were assigned to the Control Group. Among radiologists who
consented but did not complete the intervention, 10 were assigned to the Intervention
Group and 12 were assigned to the Control Group.
Intervention development is reported in detail elsewhere (17, 18). Briefly, it was web-based
and had three components. Module 1 provided audit data for sensitivity, specificity, recall
rate, PPV and cancer detection rates individualized for each participating radiologist with
comparisons to both national benchmarks and to peers for the same measures during the
same time period. These data were derived from the respective mammography registries
associated with the participating radiologists. Module 2 profiled breast cancer risk in each
radiologist’s respective patient population, also ascertained from respective BCSC Sites, to
illustrate how low breast cancer risk is in population-based settings, and Module 3 presented
information on the possible impact of medical malpractice concerns on recall rates, which
was shown in our previous research to influence recall rates (20, 21).
Knowledge questions were imbedded into the intervention system that we used to award
CME credits. The entire program took an average of 1 hour to complete. Radiologists were
able to insert their goals for changes they would like to make in their clinical practice,
especially regarding recall rates, into a text field at the end of each module. We defined
realistic goals as planned actions that, if implemented, would likely bring their recall rate
closer to national targets (22). Using this definition, two authors (PAC, EAS) classified each
radiologist’s goals as being realistic or unrealistic.
The main performance outcome in this study was recall rate, defined as the percent of
screening mammograms given a BI-RADS assessment of 0, 4, 5,, or 3 with a
recommendation for immediate follow-up (i.e. a positive result). For analyses we use a
mammogram level binary outcome denoting positive result of the mammogram. We were
specifically testing the hypothesis that the radiologists in the Intervention Group would have
improved recall rates (lower) when compared to radiologists in the intervention group and
that these improvements would be sustained over time. We also wanted to test the effects of
the intervention after it was delivered to the Control radiologists.
Data Analyses
Baseline frequency distributions were computed within four subgroups of radiologists
(completed/did not complete the intervention and Early/Late intervention group) for
radiologist characteristics obtained from the radiologist baseline survey (19) and for
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radiologists with or without realistic goals to reduce excessive recall (18). Mean recall rates
(and standard errors) were also computed at baseline (nine months prior to consent) for all
groups. Chi-square tests were performed to compare frequencies and t-tests to compare
means between intervention groups within completed/did not complete the intervention
subgroup. P-values < 0.05 were considered statistically significant.
Two subpopulation analyses were performed for this study. In Analysis 1, we included
radiologists who consented to the intervention but did not complete it. In Analysis 2, we
included radiologists who consented and completed the intervention. Within each of these
analyses, the radiologists were classified according to intervention (Early/Late) Group.
Recall rates were examined during three time periods. In both analyses “baseline” was
considered to be the nine months prior to the date the radiologist consented to take the
intervention. In Analysis 1, the three periods were: 1) baseline, 2) 0-9 months after consent
(T1), and 3) 9-18 months after consent (T2). In Analysis 2, different time periods were used
depending on study group assignment. For those in the Intervention Group, recall rate was
computed during: 1) baseline, 2) 0-9 months after completion of the CME (T1), and 3) 9-18
months after completion (T2). For the Control Group, the time periods were: 1) baseline, 2)
0-9 months after consent (T1), and 3) 0-9 months after completion (T2). In each analysis
recall rates were computed during the three time periods and then compared by intervention
group. Figures 1 and 2 show these unadjusted recall rates for both analysis subpopulations.
We compared recall rates across specific radiologist groups: 1) Intervention radiologists who
completed the CME compared to Control radiologists, 2) Intervention radiologists who
completed the CME compared to Control radiologists who completed the CME later, and 3)
Control radiologists who completed the CME compared to the Control radiologists who did
not complete the CME. A series of logistic regression models examining the probability a
mammogram received a positive result included one of these three comparison groups and
time period (baseline, T1, T2). Interactions between the Control group and time period were
also included to determine if the association between time period and the probability of a
positive result differed across study groups. Models were fit using a random effect for
radiologist to account for correlation of multiple mammograms read per radiologist.
The series of increasing adjustment models were: 1) only include a radiologist random
effect, 2), further adjust for mammography registry, 3) add characteristics of the women at
the time of the mammogram (age group, use of HRT, time since last mammogram, history
of a breast procedure), and 4) add radiologist characteristics (academic affiliation, years of
interpretation, percent of time in breast imaging, percent of mammograms that are
screening). Radiologists missing any of the radiologist characteristics were excluded from
the last adjusted model.
Results from the logistic regression models were used to compute relative differences
between two comparison groups. Odds ratios comparing the probability of a positive result
at T1 and at baseline were computed for the two comparison groups (e.g., Intervention
radiologists who completed the CME and Control radiologists). The ratio of these two odds
ratios was considered the relative difference between the two groups at T1, while controlling
for the probability of a positive result at baseline. Relative differences at T2 were computed
similarly. All analyses were performed using SAS (23).
Results
The majority of those completing the intervention were not affiliated with an academic
medical center, had not completed fellowship training, had been interpreting mammography
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for more than 10 years, and spent <40% of their time in breast imaging (Table 1). There
were no statistical differences in radiologists’ characteristics according to study group
assignment among those who consented and completed and those who consented but did not
complete the intervention. Mean recall rates at baseline were 11% (Intervention Group) and
9.6% (Control Group) among radiologists who did not complete the intervention and 11.2%
(Intervention Group) and 8.7% (Control Group) among those who completed the
intervention (Table 1). There were also no significant differences in continuing medical
education preferences, such as instructor versus self-directed interactive activities,
willingness to take CME courses on the Internet and interest in free Category 1 CME on the
use of audit reports to improve mammography interpretation (data not shown).
Unadjusted recall rates in the time periods between baseline to T1 and then T2 among
radiologists who consented to and completed the intervention ranged from 11.2% to 10.4%
in the Intervention Group and from 8.7% to 9.2% in the Control Group (Figure 1) with no
statistical differences between the groups. Recall rates in the same time periods among
radiologists who consented to but did not complete the intervention ranged from 11.0 % to
9.4% in the Intervention Group and from 9.0% to 9.7% in the Control Group (Figure 2)
with no statistical differences between the groups.
Forty-one radiologists were included in the final adjusted logistic regression model
comparing radiologists who completed the intervention (n=22) in the Intervention Group to
all radiologists (n=19) in the Control Group (Table 2). At T1 the radiologists in the
Intervention Group who completed the CME had 11% higher odds of a positive
mammogram compared to radiologists in the Control Group after controlling for baseline
(OR=1.11, 95% CI=1.00-1.23, p=0.04). A similar association was found at T2 (OR=1.09,
95% CI=0.98-1.21) but was not statistically significant. Thirty-one radiologists who
completed the CME were included in the adjusted model comparing radiologists in the
Intervention Group (n=22) to radiologists who completed the intervention in the Control
Group (n=9). At T1 the early radiologists had 12% higher odds of a positive mammogram
compared to the late radiologists, after controlling for baseline (OR=1.12, 95%
CI=1.00-1.27, p=0.0569). At T2 a similar association was found, however it was not
statistically significant (OR=1.10, 95% CI=0.96-1.25). The difference between these results
and those shown in Figure 1 is likely due to the adjustment for radiologist random effect in
the models.
No associations were found among the late radiologists when comparing those who
completed the CME (n=9) to those who did not (n=10) (Table 2). In addition, we found no
associations between time point and recall among radiologists who set realistic goals (data
not shown).
Discussion
Our study intervention, which was designed to reduce excessive recall, did not have a
detectible effect. Recall rates decreased slightly among radiologists who completed the
intervention in the Intervention Group and increased slightly in the Control Group, though
these differences were not significant. In addition, recall rates differed in these two groups.
Radiologists in the Intervention Group had recall rates about 2% higher in the baseline
period compared to those in the Control Group. Adjustment for registry, patient and
radiologist characteristics did not change our findings significantly. Though the majority of
radiologists in our study had recall rates higher than the median 9.7% benchmark for
screening mammography (22), the intervention did not reduce recall in actual clinical
practice, even among those radiologists who developed realistic goals to do so. Our findings
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suggest that radiologists who developed goals either did not implement them or if they did,
the goals did not reduce recall significantly.
Though MQSA requires all physicians who interpret mammograms to teach or complete at
least 15 CME hours in mammography every 3 years, there is little evidence that CME-type
interventions improve care (24). Several studies indicate that once physicians practice
patterns are established, they are difficult to change (25-27). Numerous reviews have
summarized efforts to change practice patterns, and have described six general strategies
that have been applied, including education, feedback, participation, administrative rules,
incentives, and penalties (28). Although there are examples where many strategies have
been successful in isolation, changing physician behavior, given its complexity and
susceptibility to multiple influences, will most likely require a combination of approaches
(28).
Linver et al (13) found that attendance at a 3-4 day instructor-led educational program in
breast imaging improved the cancer detection rate by 40%, although only 12 radiologists
were included and this was the first-ever educational program ever attended by most of
them. Nowadays all radiologists must earn 15 hours of CME credit every 3 years. In another
study conducted by Berg, et al (14), a one-day CME course with a focus on BI-RADS,
improved cancer detection by about 25% among 23 radiologists, as measured by a test set
administered immediately before and after the intervention. While we are constantly striving
to maximize efficiency and shorten the time required of busy practicing clinicians in
educational programs, it is possible that our one-hour CME intervention might not have
been long enough to have an impact compared to these interventions that required 8 to 32
hours of attendance.
The UK National Health Service Breast Screening Program (NHSBSP) sets very specific
national quality assurance standards for mammogram interpretation, and regularly monitors
adherence using a quality assurance network (29), which includes regional quality assurance
coordinators who meet regularly with radiologists to review performance and outcomes of
mammography screening, to share good practice, and to encourage continued improvements.
Radiologists are required to rotate through screening and diagnostic clinics and to participate
in all activities of the breast care team, including multidisciplinary meetings (30). A
supportive environment for this is crucial (11). However, because all of these quality
improvement approaches are provided to all NHSBSP radiologists, it is difficult to
determine the individual contribution of each component towards improved performance.
Our study focused specifically on using peer comparison data, increasing knowledge about
screening performance benchmarks and factors that appear to unnecessarily increase recall
with a strategy to develop goals for changing clinical practice. We were not successful in
demonstrating any reduction in recall as a result of our intervention.
In the U.S., one study by Adhock (12) of radiologist performance derived from the Kaiser
Permanente Colorado and the Colorado Tumor Registry compared radiologists’ clinical
practice outcome measures to published benchmarks and radiologists received feedback on
their results. Performance gaps were analyzed and targeted with specific interventions, such
as securing second opinions from another radiologist until performance improved (12). In
this study, a statistically significant increase in cancer detection and at an early-stage
occurred within a few years without an increase in the number of recalls (12). However, our
study suggests that peer comparison along with goal setting is not enough to establish a
change in radiologist practice. It may be that a more formal process of ongoing assessment
with stronger reinforcement is needed until the behavior change becomes more established.
We tested a single intervention delivered in one point in time, and did not produce any
change in recall rates.
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The strengths of our study include that we developed an intervention based on adult learning
theory and tested it using a randomized design that relayed actual clinical performance data
to help radiologists assess their current interpretive practices, establish goals likely to reduce
excessive recall, and recalibrate their thresholds for recall by illustrating that cancer
incidence is low in their own patient populations. We also succeeded in recruiting 54
radiologists, 33.3% of who had screening mammography recall rates above 12% for
screening mammography at baseline. Weaknesses include our small sample size, which
affected our ability to power this study to detect meaningful differences in recall. While we
were able to consent 54 radiologists to enroll in and provide data used in this analysis, we
only succeeded in convincing 32 (59.3%) of them to complete the intervention. Clearly more
work is needed to understand how best to influence radiologists practice. While several
studies have focused on recruitment and retention of patients in clinical studies, studies on
physician retention are limited (31) and we found no studies on retaining radiologists in
studies on interpretive performance.
In conclusion, we developed and implemented an innovative, web-based educational
program that take advantage of computerized registry data collected on community
radiologists to provide them with individualized audit feedback. Our study resulted in a null
effect, which may indicate a single intervention is not adequate to change excessive recall
among radiologists who undertook the intervention we were testing. It is likely that more
complex approaches are needed to change radiologists practice patterns.
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Figure 1. Recall Rate for Radiologists Who Completed the CME
Baseline (9 months prior to consent); T1 (Intervention: 0–9 months after completion,
Control: 0–9 months after consent T2 (Intervention: 9–18 months after completion, control:
0–9 months after completion)
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Figure 2. Recall Rate for Radiologist Who Did Not Complete the CME
Baseline (9 months prior to consent); T1 (0–9 months after consent); T2 (9–18 months
consent)
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Table 1
Radiologist Characteristics for 54 Radiologists According to Assigned Study Group
Radiologists who Consented but Did
Not Complete the CME



















TOTAL (n=10) (n=12) (n=23) (n=9)
Demographics
Sex % % % %
 Male 70.0 75.0 0.79 52.2 44.4 0.69





 No 70.0 83.3 0.71 87.0 77.8 0.22
 Adjunct 10.0 8.3 8.7 0.0




 No 80.0 100.0 0.10 95.7 100.0 0.53
 Yes 20.0 0.0 4.3 0.0
Years interpreting
mammography
 <10 30.0 8.3 0.34 13.0 44.4 0.15
 10-19 40.0 66.7 43.5 33.3
 ≥20 30.0 25.0 43.5 22.2
% of time spent in
breast imaging
 <20% 33.3 10.0 0.23 26.1 11.1 0.13
 20-39% 22.2 30.0 39.1 22.2
 40-79% 0.0 30.0 26.1 22.2
 80-100% 44.4 30.0 8.7 44.4
    Missing 1 2
% of mammograms that are
screening, N (%)
 < 85% 55.6 66.7 0.60 59.1 44.4 0.46
 85-100% 44.4 33.3 40.9 55.6
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Radiologists who Consented but Did
Not Complete the CME



















 Mean Recall Rate
(SE) 11.0 (1.7) 9.6 (1.2) 0.49 11.2 (0.9) 8.7 (1.5) 0.11
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Table 2






Model 3: Controls who
did Intervention Late vs.
Those Who Did Not
Ratio of ORs (95% CI) Ratio of ORs (95% CI) Ratio of ORs (95% CI)
Adjusting for radiologist random effect (n=44) (n=32) (n=21)
Relative change from baseline to time point 1 1.11 (1.01-1.23) 1.13 (1.01-1.27) 0.97 (0.83-1.12)
Relative change from baseline to time point 2 1.08 (0.98-1.19) 1.12 (0.99-1.27) 0.93 (0.79-1.09)
Adjusting for mammography registry a (n=44) (n=32) (n=21)
Relative change from baseline to time point 1 1.11 (1.01-1.23) 1.13 (1.01-1.27) 0.97 (0.83-1.12)
Relative change from baseline to time point 2 1.08 (0.98-1.19) 1.12 (0.99-1.27) 0.93 (0.79-1.09)
Adjusting for mammogram-level variables b (n=44) (n=32) (n=21)
Relative change from baseline to time point 1 1.12 (1.02-1.23) 1.14 (1.01-1.28) 0.97 (0.83-1.13)
Relative change from baseline to time point 2 1.08 (0.98-1.20) 1.11 (0.98-1.26) 0.94 (0.80-1.11)
Adjusting for mammogram-level variablesb and
radiologist-level variables c
(n=41) (n=31) (n=19)
Relative change from baseline to time point 1 1.11 (1.00-1.23) 1.12 (1.00-1.27) 0.97 (0.83-1.14)
Relative change from prior to consent to time point 2 1.09 (0.98-1.21) 1.10 (0.96-1.25) 0.98 (0.83-1.16)
Baseline – 9 months prior to consenting
Time point 1 - NO CME: 0-9 months after consent, CME/EARLY: 0-9 months after completion, CME/LATE: 0-9 months after consent
Time point 2 - NO CME: 9-18 months after consent, CME/EARLY: 9-18 months after completion, CME/LATE: 0-9 months after completion
a
adjusting for mammography registry and radiologist random effect
b
mammogram-level variables: mammography registry, age group at time of mammogram, use of HRT, time since last mammogram, history of
prior breast procedure; also adjusting for radiologist random effect
c
radiologist-level variables: academic affiliation, yrs of interpretation, percent of time in breast imaging, percent of mammograms that are
screening; also adjusting for radiologist random effect. Models exclude radiologists missing radiologist survey
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